Ziziphus spina-christi (SIDIR) AND Salvadora persica (ARAK) SEEDLINGS GROWTH AS AFFECTED BY DIFFERENT IRRIGATION INTERVALS by MUSA MOHAMMED, DAR ALSALAM
 ﻦﻤﺣﺮﻟاﻢﻴﺣﺮﻟا  
 
 
Ziziphus spina-christi (SIDIR) AND Salvadora persica (ARAK) 
SEEDLINGS GROWTH AS AFFECTED BY DIFFERENT IRRIGATION 
INTERVALS 
 
 
 
BY: 
DAR ALSALAM MUSA MOHAMMED AHMED 
B. Sc. (Honor) Forestry 
Faculty of Forestry 
University of Khartoum 
2003 
 
 
A thesis submitted to the University of Khartoum in partial fulfillment of the 
requirements for the degree of Master of Science in Desertification and Desert 
Cultivation Studies Institute 
 
 
 
Supervisor: 
Dr. Kamal Fadal allseed Alkhalifa  
Department of Silviculture 
Faculty of Forestry 
 
 
 
 
University of Khartoum 
November 
2007 
                                               
 
  
  
 
 
 
 
  
  
 
 
                   TO 
                   Whom  who  taught  me  how  life  could  be 
                    My  affectionate  mother…………………… 
                    Soul  of  my  father…………………………. 
                    My  brothers………………………………... 
                    My  sisters…………………………………... 
                    My  friends………………………………….. 
                    My  parents…………………………………. 
                    I  dedicate  this  humble  work  with  greatest 
                    Love………………………………………….. 
 
 
 
 
  
 
 
 
                                    
 
 
  
  
  
  
  
  
ACKNOWLEDGEMENTSٍ  
 
Praise and thanks to almighty Alla, God of the world who helped accomplishing 
this work. I would like to express my profound gratitude and thanks to my 
Supervisor Dr. Kamal F. Alkhalifa, University of Khartoum for his keen 
interest, close supervision, continues participations and patient invaluable 
guidance throughout the period of the study 
My deeply sincere gratitude thanks to Professor Mukhtar Ahmed Mustafa 
director of DADCSI University of Khartoum for his support and valuable help. 
I would like to express my gratitude to my colleages, director and staff of 
Faculty of Forestry for their assistance and advice. Also, I would like to express 
my deeply thanks to staff of Forest National Corporation of North Kordofan 
state for their chance to study and their completely help. Moreover, I would like 
to express my deeply thanks to labor of Shambat Nursery, Faculty of 
Agriculture for their experience and help. 
My deeply thanks to my family and friends whom gave me full support to study 
and go on. 
 
  
  
  
  
  
ABSTRACT 
Ziziphus spina-christi (Sidir) AND Salvadora persica (Arak) Seedlings 
growth as affected by different irrigation interval 
Ziziphus spina-christi and Salvadora persica are some of the endangered tree 
species. Little or no attention is given to their regeneration despite their 
economic importance. This study aims to investigate the tolerance of these 
species to water stresses at early stages of growth at the Nursery. Seeds of the 
two species were collected from different sites (North Kordofan and Red Sea) 
and germinated for two months.  
The experiments were carried out at Shambat Nursery, Faculty of Agriculture, 
and A Complete Randomized design method was used. Different irrigation 
intervals were applied for 75 days. 
Results showed that irrigation frequency is insignificant for some parameters e- 
g- seedlings diameter and shoot length of Arak from Red Sea, and number of 
leaves of Arak from Kordofan.  However, 2 and 5 irrigation intervals were 
significantly better than other intervals for shoot length and number of leaves in 
Sidir seedlings and number of leaves in Arak from Red Sea.  
2days intervals were better only for root lengths in Sidir and Arak seedlings and 
diameter of Arak from Kordofan. These results reflect that the two species 
tolerate water stresses up to 5days intervals irrigation without been significant 
affected by many parameters. 
 Accordingly, the study recommends raising Sidir and Arak at 5days intervals as 
in 2/3 of the whole parameters is not significantly lower than 2days intervals.  
 ﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢﺑﺴﻢ اﷲ ا
  ﻟﺨﻼﺻﺔا
 ﻧﻤﻮ ﺷﺘﻼت اﻟﺴﺪر واﻻراك ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﺟﻬﺎدات ﻣﺎﺋﻴﺔ ﻣﺨﺘﻠﻔﺔ
ورﻏﻢ أهﻤﻴﺘﻬﻤﺎ ﻟﻢ ﺗﺠﺪا اﻷهﺘﻤﺎم اﻟﻜﺎﻓﻰ , واﻷراك ﻣﻦ اﻷﺷﺠﺎر اﻟﻤﻬﺪدة ﺑﺎﻷﻧﻘﺮاض  ﺗﻌﺘﺒﺮ ﺷﺠﺮﺗﻲ اﻟﺴﺪر
ﺎر ﻣﺪى اﻟﻬﺪف ﻣﻦ هﺬﻩ اﻟﺪراﺳﺔ اﺧﺘﺒ. ﺑﻞ ﺗﻌﺮﺿﺘﺎ ﻟﻠﻘﻄﻊ ﻟﻤﺨﺘﻠﻒ اﻷﺳﺒﺎب , ﻟﻠﻤﺤﺎﻓﻈﺔ ﻋﻠﻴﻬﻤﺎ وزراﻋﺘﻬﻤﺎ
ﺟﻤﻌﺖ اﻟﺒﺬور ﻣﻦ .  ﻞاﻟﺘﺤﻤﻞ ﻟﺒﺎدرﺗﻲ  اﻟﺴﺪر واﻷراك ﻟﻸﺟﻬﺎد اﻟﻤﺎﺋﻰ ﻓﻰ ﻣﺮاﺣﻞ اﻟﻨﻤﻮ اﻷوﻟﻰ ﺑﺎﻟﻤﺸﺘ
أﺟﺮﻳﺖ   هﺬﻩ  اﻟﺘﺠﺮﺑﺔ  ﻓﻰ ﻣﺸﺘﻞ .واﺗﻨﺒﺘﺖ ﻟﻤﺪة ﺷﻬﺮﻳﻦ( ﺷﻤﺎل آﺮدﻓﺎن واﻟﺒﺤﺮ اﻷﺣﻤﺮ)ﻣﻮاﻗﻊ ﻣﺨﺘﻠﻔﺔ 
 57ﻟﺸﺘﻮل ﻓﻰ اﻟﻤﺸﺘﻞ ﻟﻤﺪة روﻳﺖ ا, ﺷﻤﺒﺎت   آﻠﻴﺔ اﻟﺰراﻋﺔ  ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم ﻓﻰ ﺗﺼﻤﻴﻢ آﺎﻣﻞ اﻟﻌﺸﻮاﺋﻴﺔ
                                                                               .ﻳﻮﻣﺎ ﻋﻠﻰ ﻓﺘﺮات رى ﻣﺨﺘﻠﻔﺔ 
أﻇﻬﺮت ﻧﺘﺄﺋﺞ اﻟﺪراﺳﺔ ﻋﺪم ﻓﺮوق ﻣﻌﻨﻮﻳﺔ ﻟﺒﻌﺾ اﻟﻤﺘﻐﻴﺮات ﻣﺜﻞ أﻃﻮال وأﻗﻄﺎر اﻟﺸﺘﻼت ﻷراك اﻟﺒﺤﺮ 
ﺢ أن اﻟﺮى آﻞ ﻳﻮﻣﻴﻦ أو   ﺧﻤﺴﺔ أﻳﺎم هﻮ اﻷﻓﻀﻞ ﻣﻘﺎرﻧﺔ ووﺿ, وﻋﺪد اﻻوراق ﻓﻰ أراك آﺮدﻓﺎن, اﻻﺣﻤﺮ
ﻋﺪد اﻻوراق ﻓﻰ اﻟﺴﺪروﻋﺪد اﻷوراق ﻓﻰ أراك اﻟﺒﺤﺮ ,ﺑﻔﺘﺮات اﻟﺮى اﻷﺧﺮى ﻓﻴﻤﺎ ﻳﺨﺘﺺ ﺑﺄﻃﻮال اﻟﺸﺘﻼت 
  .                                اﻷﺣﻤﺮ
. ت أراك آﺮدﻓﺎنﺑﻘﻰ اﻟﺮى آﻞ ﻳﻮﻣﻴﻦ هﻮ اﻷﻓﻀﻞ ﻓﻘﻂ ﻓﻰ أﻃﻮال ﺷﺘﻼت اﻟﺴﺪر واﻷراك وأﻗﻄﺎر ﺷﺘﻼ  
ﺗﻌﻜﺲ هﺬﻩ اﻟﻨﺘﺎﺋﺞ أن آﻶ ﻣﻦ اﻟﻨﻮﻋﻴﻦ ﺗﺤﺖ اﻟﺪراﺳﺔ ﻳﺘﺤﻤﻞ اﻻﺟﻬﺎد اﻟﻤﺎﺋﻰ اﻟﻰ درﺟﺔ اﻟﺮى آﻞ ﺧﻤﺴﺔ اﻳﺎم 
 .                                        ﺑﺪون ﺗﺄﺛﻴﺮ ﻣﻌﻨﻮى ﻓﻰ ﻣﻌﻈﻢ ﻣﺘﻐﻴﺮات اﻟﻨﻤﻮ ﻟﻠﺸﺘﻼت
أﻳﺎم ﺣﻴﺚ أن ﻣﻌﻈﻢ       رى آﻞ ﺧﻤﺴﺔ ﻋﻠﻴﻪ ﺗﻮﺻﻲ اﻟﺪراﺳﺔ ﺑﺄﻧﺘﺎج ﺷﺘﻼت اﻟﺴﺪر واﻷراك ﺗﺤﺖ ﻧﻈﺎم    
  .                                                                 ﻣﺘﻐﻴﺮات اﻟﻨﻤﻮ ﻟﻴﺴﺖ ﺑﺄﻗﻞ ﻣﻦ اﻟﺮي آﻞ ﻳﻮﻣﻴﻦ
                                        
   
                                                                                                .                                  
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CHAPTER ONE 
 
Introduction 
 
 
Desertification is one of the serious problems in the world; it is the 
impoverishment of terrestrial ecosystems under the impact of man. It is the 
process of deterioration in these ecosystems that can be measured by reduced 
productivity of desirable and undesirable plants. The principal desertification 
processes are degradation of vegetative cover, water erosion and water-logging 
(Mustafa, 2007).  
 Another problem is drought which is naturally occurring phenomenon that 
exists when precipitation has been significantly below normal recorded levels, 
causing serious hydrological imbalances that adversely affect land resource 
production system (Earth Summit, 1992). 
Proper choice of adapted forest species remains the most viable cost-effective 
means of utilization of drought-affected lands. Planting of multipurpose drought 
tolerant tree species may offer an attractive alternative for economic utilization 
of drought- affected areas in the arid and semi-arid lands, to increase their 
productivity and to meet the increasing demands for fuel wood, timber and other 
indispensable forest products. Indigenous trees and shrubs suitable for multiple 
uses should have priority over fast-growing exotics, which exclusively yield 
timber. Local trees and shrubs are usually well adapted to tolerate climatic 
extremes, pests, diseases and traditional forms of land use.  
Ziziphus spina-christi and Salvadora persica as multipurpose trees, that might 
resist desertification and drought at arid land, have been selected for the present 
study. 
1-1 Ziziphus spina-christi (L.)Desf. 
 Multipurpose tree species belonging to the family Rhamnaceae. It is an 
indigenous, important naturally growing tree of the Sudan that is still growing 
along with many newly introduced exotic plants (Von May Dell, 1990). 
 The genus Ziziphus includes about 40 species. Ziziphus spina-christi (Sidir) is a 
deciduous shrub or tree, of many intertwingled branches, forming an 
impenetrable thicket, bark deeply fissured and scaly. Branchlets nearly white, 
glabrous. It has unequal thorns: one straight and other recurved. Leaves alternate 
and vary greatly in size. Flowers small, pale yellow. Fruits subglobose, fleshy at 
first green- yellow become brownish or red and dry when mature (Von May 
Dell, 1990).  
 The tree is deciduous in wet sites, but sheds all leaves during the dry season 
where less water is available (Von May Dell, 1990).  
The tree flowers during (August-December); fruits are fleshy, subglobose in the 
period October- November (Hussein, 2006). They distributed at Sahara and 
Sahel, from Senegal to the Sudan and Arabia. In Sudan Sidir is found in desert 
and semi arid parts confining to the banks of the Nile and seasonal water courses 
in association with Acacia tortillis and few other species. It is also found in the 
Red sea cost, kassala, southern parts of the northern regions, Khartoum, White 
Nile Province, Gezira and Eastern Kordofan. The tree is also found around the 
water courses in Hills catenas which cover the area of Ingssana Hills, Nuba 
Mountains and Western Darfur (Hussein, 1994). In Sudan the contribution of 
Sidir tree in the national economy is not appreciated, though it is valuable as a 
source of food for residents of western Sudan and other Saharian countries 
(Elawad, 1980). 
The Sidir fruit, locally known as Nabag, is composed of pulp and seed. The pulp 
is rich in total carbohydrates (86%) of which 29% are present in available form. 
Analysis has shown that glucose and sucrose predominate in the pulp with small 
amounts of fructose and xylose, with low protein and fat contents. The pulp is a 
good source of calcium and phosphorous (Nour et al, 1987). It also contains 
small amounts of B-vitamins (FAO, 1988). The seed protein is a good source of 
sulphur containing amino acids (Nour et al, 1987). In Sudan Sidir fruits are used 
in different forms and they were once a good substitute for sugar, made in 
various sweets and syrup (Miehe, 1986) (Plate 1). 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate-1- 
Twigs, leaves and fruits of Ziziphus spina-christi 
 
 
 
 
 
 
The tree provides good fodder for both wildlife and domestic animals. 
Sidir provides a high quality wood resistant to sand termites, used in furniture, 
carpentry and turning work, handle and tools (Von May Dell, 1990). Also Sidir 
yields a good firewood and charcoal, and for Production of wild bee honey 
(Gazanfar, 1994).The dried leaves of this plant have long been used as a hair 
wash in eastern Arabia, and the bark can be used as a source of tannin, and 
useful in stabilizing sand dunes and other instable soils by its extensive root 
system, it is also useful as a wind break and shelter-belt (Plate 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Plate-2-              (A)                                                (B) 
Nature of Ziziphus spina-christi trees in Elodaya. 
 
 
 
 
 
 
 
 
 
 
Sidir has a multiple medicinal uses, for example, against snakebite, for blood 
purification, for bandages (Von May Dell, 1990), and antimicrobial effect 
against Staphylococcus aureus and Bacillus subtilis (Epfraim et al. , 1998) 
reported that, also the water extracts of bark and roots are used for gonorrhoea 
and stomach pain respectively (Von May Dell, 1990).  
 
1-2 Salvadora persica (L.), 
 It belongs to family Salvadoraceae.It is a shrub or small tree up to 9.5m, 
evergreen, bark smooth light grey, whitish; slash green; stem short, very 
branchy, occasionally climbing with flexible drooping, green white branches. 
Leaves lanceolate to elliptic, mucronate, glabrous; with few lateral nerves 
equally prominent on both sides. Petiole nearly 1cm long, fleshy, with very 
small oval stipules. The tree flowers generally in January- February, greenish 
white and floral parts in 4's (Von May Dell, 1990). Fruit berries, about 6mm in 
diameter about the size of pea, purple when fresh, red when mature (February to 
march) translucent (FAO, 1978; Von May Dell, 1990). 
Salvadora persica (Arak) distributed in the Northern Sahel in to the central 
Sahara from the Atlantic to the Red Sea, throughout to Sudan. Young stems are 
used as toothbrushes and sold in most major markets throughout Sudan. Leaves 
are used as a mouthwash and for tooth and gum problems. The bark is said to 
contain an antibiotic which suppresses growth of bacteria and the formation of 
plaque in the mouth (Elamin, 1990). The roots are used for headaches. They are 
used for general pain, gonorrhoea, back pains, chest diseases, and stomach. Oil 
is used on the skin for rheumatism. Leaves make good fodder as they have high 
water content (15 to 36%) and are rich in minerals (FAO 1987). Leaves are 
readily consumed by goats and cattle especially during the dry season. The 
leaves and barks contain the alkaloid trimetylamine (Elkheir, 1998).  
Leaves have been found to contain crude protein (13% dm (10-7)), net energy 
(4.8mj kg dm (32-6)), digestible protein (full 37(108-193), phosphorus 0.10 
(0.08-0.13) and the last one silica-free minerals (29%dm 
(20-36). Leaves and the end of shoots are browsed all over the year by all types 
of livestock (Von May Dell, 1990) (Plate 3-4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Plate-3- 
Nature of Salvadora persica trees in the Red Sea 
 
 
 
 
 
 
 
 
 
 
Plate-4- 
Nature of Salvadora persica trees in Bara. 
Despite these valuable uses of Ziziphus spina-christi and Salvadora persica no 
great attention is giver to their tolerance to drought condition. 
1-3 Aims 
The present study aims to investigate the tolerance of Ziziphus spina-christi and 
Salvadora persica species to water stresses at early stages of growth in the 
nursery. 
1-4 Objectives 
     The specific objectives set for the present study are: 
- To compare shoot growth of Ziziphus spina-christi seedlings under different 
water regimes. 
- To compare root growth of Ziziphus spina-christi seedlings under different 
water regimes. 
- To compare shoot growth of Salvadora persica seedlings under different 
water regimes. 
- To compare root growth of Salvadora persica seedlings under different 
water regimes. 
- To compare shoot and root growth of the seedlings of the two species. 
 
 
 
 
 
 
                                          CHAPTER TWO 
                                      LITERATURE REVIEW 
 
 
2-1 Water stresses 
Active growth of plants requires adequate supply of water to living cells. The 
water status of plant tissues depends upon the rate of flow of water in the soil-
plant atmosphere continuum. Water used by plants is determined by the 
evaporative demand of the atmosphere, properties of the plant canopy and soil 
properties of water storage and water release to the Plants. The development of 
water deficits in tissues is determined by the free energy gradients which 
develop and result in water movement from the soil through the plant to the 
atmosphere, and the lag between water supply and water loss from tissues. 
Water deficits influence productivity in many ways depending upon the 
severity, timing of the water deficits and the genotype. The potential 
evapotranspiration (PE) of irrigated plants in oases surrounded by deserts can be 
extremely high due to the hot, dry winds blowing in from the desert (Ahmed and 
Ahmed, 2007). 
El Nadi et al., (2005) have provided values for the main fodder crops grown in 
the Sudan. It is important to recognize that the water-use of intensively managed 
crops is mainly determined by the evaporative demand with differences among 
crops and with stage of development which is related to the leaf area of the crop 
(percent ground cover or leaf area index together with leaf orientation which 
determine the ability of a crop canopy to catch solar radiation).     
Generally trees native to arid environments often have a high root/shoot ratio; 
the higher is exposure to drought, the more is the ratio between root and shoot 
mass shifted further in a favor of the roots (Larches, 1995). 
 Over large parts of the earth the occurrence of trees and the amount of their 
primarily production are controlled by the water supply to a greater extent than 
by any other factors (Chunyang Li, 1999).  
Water supply also often determines the distribution of woody plants that could 
increasingly be grown in semi-arid and arid tropical region. The success or 
failure of plantations in the tropical zone in many cases depends on the effects 
of water stress on woody plants (Ahmed, 2005).  
 
2-2 Tree water requirement    
There is little information available about the water requirements of 
multipurpose trees planted under rainwater harvesting systems in semi-arid 
areas. In general, the water requirements for trees are more difficult to 
determine than for crops. Trees are relatively sensitive to moisture stress during 
the establishment stage compared with their ability to withstand drought once 
their root systems are fully developed. There is no accurate information 
available on the response of these species, in terms of yields, to different 
irrigation/ water regimes. There are some indigenous trees tolerate arid, semi-
arid, marginal and tolerance to temporary water logging at 150-900mm rain like  
Acacias (faidherbia albida, A. nilotica, A. saligna, A. sengal, A. seyal and A. 
tortilis ). Other indigenous species like Balanites aegyptiaca and Ziziphus 
spina-christi, also tolerate drought together with some exotic trees like Cassia 
siamea, Azadirachta indica and Eucalyptus camaldulensis adapted at semi-arid 
and marginal land (FAO, 1988).            
Woody plants exhibit larger decreases in leaf water potential with short- 
term increases in transpiration due, presumably, to the presence of greater 
resistance to water flow in their roots (Ahmed and Ahmed, 2007).       
It has been hypothesized that the initial response of plants to water deficits is the 
change in turgor pressure in certain cells. After the initial response, there are 
many secondary effects on plant function. Plant responses to mild-to-moderate 
plant water deficits may be viewed as being either damaging or adaptive 
(Ahmed and Ahmed, 2007). Seed production from most annual plants is reduced 
by drought during early stages of flowering. The productivity of plants can be 
substantially reduced by drought during early reproductive stage. 
 
2-3 Seed propagation  
Seedling is used in establishing most species, cultivars and botanical varieties 
than any other propagation method. It is more economic and cuttings are 
practicable for mass-production where there is no alternative vegetative method. 
In plant breeding, it is the most important means to produce new cultivars 
(Elkheir, 1998). With few exceptions notable poplars (Populus sp) and willows 
(Salix spp) and some tropical trees are propagated from seeds. The quality of 
seeds has a great influence on the success of plantations raised (Willan, 1985). 
 
2-4 Seed germination and dormancy 
Some seeds are unable to germinate; they pass through period of dormancy 
which may last from a few days to several years, depending on species. After 
this period, seeds normally germinate when appropriate conditions are available 
(Wild, 1993). 
Seeds whose germination was prevented by their own internal mechanisms are 
said to be dormant, moreover, the dormant state may be distinguished into 
primary or secondary dormancy. However, if seeds were capable of immediate 
germination when subjected to proper environmental conditions are said to be 
non dormant seeds (Elkheir, 1998) 
Impermeability to water and gases is the most common form of seed coat 
dormancy which is a characteristic of certain families (Hussein, 1994). The 
shells of walnuts, pits of stone fruits, and other hard fruit coverings may have 
some delaying effect on germination. Most fleshly fruits, or juices from them, 
strongly inhibit seed germination (Hartman and Kester, 1975).  
 Direct seeding is the usual method of establishing Balanites aegyptiaca 
artificially, but due to goat's grazing impact and the effect of water stress, 
natural regeneration and direct seedling of this species may be of less success 
than seedling outplanting specially in arid parts (Eltahir, 1997). 
Good results of Ziziphus spina-christi seed germination when treated by 40% 
sulphuric acid for 60 minutes according to (Hussein,1994), also results of 
Salvadora persica show that untreated seeds is the best followed by seeds 
soaked in cold water for six , twelve or eighteen hours,  and then seeds soaked 
for twenty four hours (Ahmed, 1998). 
Adansonia digitata seeds germinate well in the nursery where adequate moisture 
can be provided regularly (Abutaba,2007), also (Elteraify, 1996) reported that 
fresh clean seeds have higher viability 84%, 73.33% and 14.67% compared to 
whole fruits 37.33%, 17.33% and 2.67% at different maturity stages green, 
yellow and brown, respectively.  
  
2-5 Seedling growth 
In Sudan, seedlings are usually raised after the rainy season; some seedlings like 
those of Azadirachta indica and Khaya senegalensis may be raised in beds then 
transferred to the field after one year or more; while Tectona grandis, seedlings 
are pruned before planting in the field; they can also be split into two or four bits 
and planted separately. This was successful in western equatoria (Hussein, 
2006); also nursery stock production in Sudan was standardized for Eucalyptus 
of the Gezira plantations by Ahmed, (1977), as for containers, soil used, 
irrigation …etc; however, Branney (1990) reported that Ziziphus spina-christi 
seedlings were produced using sandy clay loam soil irrigated every two weeks 
with a mixture of water from River Nile and alkaline water from a well, also 
Salvadora persica seedlings growth at nursery affected by soil, irrigation, 
temperature and other factors according to (Elkheir, 1998). 
 Adansonia digitata seedlings can be fertilized using bi- or tricalcic phosphorus 
and Urea with 46% Nitrogen (Danthu et al.; 1995). Early transplantation is not 
possible. Normally seedlings need to be at least 3-4 months old, when they have 
reached a height of 40-50cm, for transplanting. Danthu et al.; (1995) reported 
that nursery seedlings and seeds from direct sowing had high mortality rate, in 
spite of provided protection. 
Oil palm (Elaeis guineensis) seedlings have 3months to establish as an organism 
capable of photosynthesis and absorption of nutrients from the soil according to 
(Ali, 2003). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE 
 
MATERIALS AND METHODS 
 
 
3-1 Seed collection sites 
The seeds of the experiments of the present study were collected from two sites, 
Port Sudan city at Red Sea Sahel and North Kordofan (Bara and Elodaya). 
 3-1-1 Red Sea site 
The Red Sea extends for 1,932 Kilometers (34˚ 30′E, 12˚ 30′N). The Sudanese 
coastline includes approximately 750 Kilometers of this strip. The coastal fringe 
of the Sudan occupies a narrow strip (20-40km) lying between lat. 18˚ 23′N and 
long. 33˚ 39′E. (Ali and Mohammed, 1991). 
The climate of the Red Sea coast is characterized by very low, in consistent and 
strongly seasonal rainfall .The mean annual rainfall is 36.1mm at Halaib in the 
north 89.3mm at Port Sudan and 163.8mm at Suakin. Rainy season extends from 
(October-January). Annual mean temperature fluctuates around 30˚c over the 
centeral and the northern parts. Generally, January is the coldest month (23.7˚c), 
while June is usually the hottest month over the southern half of the region 
(32.2˚c) and July is the hottest month over the northern half(35˚c). Relative 
humidity is generally high and exhibits spatial variation along the coast and 
temporal variation among the seasons (Sudan Metrological services Department, 
1951-1980). 
The coastal plain is a flat strip dissected by a number of Khors which drain into 
the sea (Suleiman and Musa, 1989). In general; the soils are sandy mixed with 
alluvial sediment. (Ali and Mohammed, 1991) 
According to Harrison and Jackson (1958), vegetation of Red Sea coastal plain 
is an expansion of the area occupied by the semi-desert Acacia zone. It is 
occupied by halophytic vegetation including, on muddy shores, mangroves 
(Avicennia marina), Arthrocnemum glaucum, Halopeplis perfoliata; salicornia 
spp and Zygophyllum spp. Dissection of the coastal plain by the khors provide 
opportunities for the high soil salinities of the salt marsh to be reduced by fresh 
water. Generally, the principal trees, shrubs and bushes of the semi-desert acacia 
zone are: Acacia Tortilsi (Samur), Maerua crassifolia (Sarah), Leptadenia 
pyrotechnia (Marakh), Capparis desidua (Tundub), Calotropis procera (Ushar), 
Acacia nobica (Laot), Hyphaene thebica (Dom), Balanetes aegyptica (Hegligh) 
and Tamarix aphylla (Tarfa). 
 
 
 
 
 
 
 
 
 
3-1-2 North kordofan sites 
3-1-2-1 Bara 
Bara located between Sodari and Jebra from the north, Shiekan and Umruaba 
from south, Alnahud from the west. Bara lying between lat. 13˚ 18′, 14˚ 31′N 
and long.28˚ 45′, 31˚ 48′ E of a total area about 20.000k.sq. 
Two air movements affect the climate of the area. Avery-dry air movement from 
the north reaching its southern limit in mid-winter and a major airflow of 
maritime origin that carries moisture, enters from the south and brings rain .This 
rainfall extends from mid-June to October and reaches its peaks in July and 
August. There is awide variation in the monthly and annual rainfall. There is 
decreasing trend in volume and duration of rain through time. A sharp 
decreasing was witnessed between (1940’s-1980). The temperature of 39-40˚c. 
The cooler  months are December to January with minimum temperature of 8˚-
13˚c prevailing wind blows during the dry season from October to June and the 
predominant winds comes from north , while the rain bearing comes from the 
south  (Proud, 1988). 
The soil in the southern portion of Bara district is heavy red sand and sand zone 
Goz predominates, suitable to the growth of trees and cenchrus grass, and 
agricultural crops. Within these sandy soils a small proportion of clay content 
was found and these increased gradually southward.  At the bottom of each 
basin (khor) the soil is grayish sand containing much lime-water is found at a 
depth from 8 to 25 feet (Mukhtar et al., 1982). 
The seed collection sites represent the semi-desert scrub vegetation zone 
characterized by it is annual rainfall ranging from 75-300mm. This has affected 
the vegetation cover of the area where the majority of plant species are drought 
tolerant. The vegetation cover in the area was extremely affected by land use 
pattern particularly rainfed agriculture, which led to the continuous clearance of 
vegetation cover. Heavy grazing  also imposed an effect on the composition of 
plant species, some of  the most palatable plant species are hardly found in  
study area (Amin , 1986) .The  dominant trees species are mainly  Acacia 
tortilis,  Acacia Senegal; Ziziphus spina-christi; Faidherbia albida; Balanites 
aegyptiaca, Salvadora persica  and  leptadenia pyrotechnica . 
 
3-1-2-2 Elodaya 
Elodaya town lies in Northern Kordofan; it is located about 83km South 
Elnahud and 30km North RigelElfula. It is enclosed between lat.11˚ 58′ and 12˚ 
20′N, and long.28˚ 28′ and 28˚ 02′E. Elodaya is the capital of Elodaya rural 
council (RC).  
Elodaya town and surroundings are part of the low rainfall Savannah Ecological 
zone. Located in the transitional zone of the sub-division Combretum 
kordofanum, Dalbergia and Albizzia amara, Savannah woodland (450-600mm 
rainfall). Heavy rainfall at August to October, annual mean temperature 
fluctuates around 28-30˚c. Generally January is the coldest month and the April 
is the hottest month. 
The soil in Elodaya is undulating sand dune (GOZ) and pocket of non craking 
clay soil (Hamaraya soil), Elodaya located at Gum Arabic belt and suitable to 
the growth of other trees and grasses and agricultural crops like millet, sorghum 
and, watermelon and ground-nuts. 
The vegetation cover in the area was extremely affected by landuse pattern 
particularly rainfed agriculture, which led to the continuous clearance of 
vegetation cover. Heavy grazing also imposed an effect on the composition of 
plant species.  
 
3-2 Materials 
Materials for the present research include seeds collected from two sites Red Sea 
(Salvadora persica) and North Kordofan (Ziziphus spina-christi and Salvadora 
persica), the fruits of Ziziphus spina-christi are large in size with dark red 
brownish color, and seeds light brown (plate 5).  
 
 
 
 
 
Plate-5- 
Fruits and seeds of Ziziphus spina-christi .  
 
 
The fruits of Salvadora persica from Red Sea are bigger in size and darker in 
color than those from Bara; also the seeds of Salvadora persica from the Red 
Sea are bigger but lighter color than those from Bara (plate 6-7).    
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Plate-6- 
Fruits and seeds of Salvadora persica from Red Sea. 
 
 
 
 
 
 
 
 
 
 
Plate-7- 
Fruits and seeds of Salvadora persica from Bara. 
 
  
Trays were adopted for seed germination of both tree species (Plate 8).  
 
 
 
 
 
 
 
 
 
Plate-8- 
Trays for seed germination 
 
 
 
 
 
 
 
 
Polyethylene bags of (20×10cm) that provided with intake holes in the lower 
parts were used for singling out. Soil used was the ordinary nursery one which is 
a mixture of silt and sand (50:50). Experiments were carried under 50% shading 
in the nursery of the Faculty of Agriculture, University of Khartoum (Plate 9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate-9- 
Experiment under shading in the nursery. 
 
 
 3-3 Methods 
Two experiments were carried out, namely seed germination and seedlings 
growth under different watering frequency.  
 
3-3-1 Seed germination 
This experiment was carried out to investigate the seed dormancy. Treatments 
were replicated 32-times in a completely randomize design,  giving a total of 
480 experiment units for Ziziphus spina-christi from Elodaya town, while they 
replicated 24-times giving a total of 240 experimental units for each of 
Salvadora persica from Red Sea and North Kordofan sites. The experiment 
conducted under half shade (50%) in a completely randomized design. The 
seeds of Ziziphus spina-christi were treated to break seed coat dormancy by 
sulphuric acid then washed with water and planted  the seeds soaking for 30 
minutes at the laboratory institutes Of Desertification and desert cultivation 
studies. Seeds of Salvadora persica were sowing directly without any treatment. 
 
 
 
 
 
 
 
3-3-2 Seedling establishment 
Ziziphus spina-christi and Salvadora persica are important species that no great 
attention is given to their regeneration. This experiment aims to investigate the 
effect of four watering intervals (2, 5, 8 and 11 days) on seedlings growth of 
both tree species.  The experiment was carried out in the Nursery of the Faculty 
of Agriculture, University of Khartoum from (April-July 2007) in a completely 
randomize design with 32 replicates for Ziziphus spina-christi and Salvadora 
persica. Sowing was done on 18th February 2007.  After two month’s from the 
germinating seedlings were transplanted to their proper sites designed and left to 
grow, while irrigated daily for 2weeks and thereafter different irrigation 
frequencies were applied. Parameters measured every second week include: 
1- Above ground parameters (shoot length (cm), stem diameter at collar (mm), 
and number of leaves). 
2- Below ground parameters (root length (cm)). 
Measurements were done every two weeks until the termination of the 
experiment on 5th July 2007. Five seedlings were selected randomly from each 
treatment combination, carefully shoot length and root length (cm) were 
measured using a ruler, and stem diameter at collar were measured using 
avernier.                           
 
 
 
 
 
         
                                   CHAPTER FOUR 
                                            
                                          RESULTS 
 
 
 The results of the present study fulfil the objectives set earlier i.e. there are 
significant differences within and between the seedlings growth of the two 
species under study as affected by different irrigation intervals. 
 
4-1 Effects of water intervals on seedlings growth of Ziziphus spina-christi. 
4-1-1 Seedling shoots length 
Analysis of variance showed highly significant differences (p = 0.0001) in shoot length 
as affected by different irrigation intervals (Appendix 1).  Mean comparison confirmed 
irrigation every 2 or 5days resulted in significantly higher shoot length (19.75, 
17.02cm) than all other treatments (Table 1) (plate 10). However, 8days (14.23cm) 
interval gave significantly better seedling shoot length than 11days (11.66cm) 
irrigation intervals. 
 
 
 
 
 
 
 
 
  
 
 
 
 
 Plate-10- 
Seedling height as affected by different irrigation intervals. (From left to right 2-5-8-11 
irrigation intervals). 
 
4-1-2 Seedling diameter at collar 
Analysis of variance showed highly significant differences (p = 0.0001) in seedlings 
diameter as affected by different irrigation intervals (Appendix 2). Mean comparison 
confirmed that irrigation every 2days resulted in significantly higher diameter (0.17) 
than all other treatments (Table 2). There is no significant differences between 
diameters of seedlings irrigated every 5days (0.15cm), 8days (0.14cm) and 11days 
(0.12cm) intervals is significantly less than all other treatments.  
 
 
 
 
 
 
 
 
 
 
 
Table-1- Mean shoot length (cm) of Sidir seedlings as affected by different          
irrigation intervals.  
  
 
 Treatment of irrigation 
intervals. 
Mean of shoot length 
(cm). 
  2days. 
  
5days. 
 
 8days. 
 
 11days. 
 19.749         A 
                     A 
 17.023         A      B 
                              B       
 14.229         C      B         
                     C 
 11.659         C 
 
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
Table-2- Mean of diameter at collar (mm) of Sidir seedlings as affected by different 
irrigation intervals. 
 
Treatment of irrigation  
Intervals. 
Mean of diameter (mm).
 2days. 
 
 5days. 
 
 8days. 
 
 11days. 
 0.17.               A 
 
 0.15.               B 
                        B 
 0.14.               B 
 
 0.12.               C 
 
 
Means of the same letter(s) at the same column are not significant different at 
 p = 0.05. 
 
 
 
 
 
4-1-3 Seedling number of leaves 
Analysis of variance showed highly significant differences (p = 0.0001) in number of 
leaves as affected by different irrigation intervals (Appendix 3). Mean comparison 
confirmed that irrigation every 2 or 5days resulted in significantly higher number of 
leaves (9.15, 8.30) than all other treatments (Table 3). However, 8days (6.46) interval 
gave significantly better number of leaves than 11days (4.93) irrigation intervals.    
 
4-1-4 Seedling root length 
Analysis of variance showed highly significant differences (p = 0.0001) in root length 
as affected by different irrigation intervals (Appendix 4). Mean comparison confirmed 
that irrigation every 2days resulted in significantly higher root length (11.37cm) than 
all other treatments (Table 4). There is insignificantly between root length of seedling 
irrigated every 5days (8.63cm), 8days (7.67cm) and 11days (6.39cm). 
 
 
 
 
 
 
 
 
 
 
Table-3- Mean of number of leaves of Sidir seedlings as affected by different irrigation 
intervals. 
 
 
Treatment of irrigation   
Intervals. 
Means of number of  
Leaves. 
 2days. 
  
5days. 
  
8days. 
 
11days. 
 
9.15                 A 
                         A    
 8.30.                A 
  
6.46.                 B 
 
 4.93.                C 
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
Table-4- Mean of root length (cm) of Sidir seedlings as affected by different irrigation 
intervals. 
 
Treatment of irrigation 
Intervals. 
Means of root length 
(cm). 
 2days. 
  
5days. 
 
 8days. 
  
11days. 
 
 11.38.             A 
 
8.64.                B 
 
 7.67.               C 
 
 6.39.               D 
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
4-2 Effect of water intervals on seedlings growth of Salvadora persica from 
Red Sea. 
4-2-1 Seedlings shoots length 
Analysis of variance showed no significant differences (Appendix 5). The 
variations are shown in (Table 5). 
 
4-2-2 Seedling diameter at collar 
Analysis of variance showed no significant differences (Appendix 6). The variations 
are shown in (Table 6). 
 
4-2-3 Seedling number of leaves 
Analysis of variance showed high significant differences in number of leaves as 
affected by different irrigation intervals (Appendix 7). Mean comparison confirmed 
that irrigation every 5 or 2days resulted in significantly higher number of leave (11.84, 
10.75) than 11days treatment intervals is significantly different from 5days intervals 
only (Table 7).  
 
4-2-4 Seedling root length 
Analysis of variance showed high significant differences (p = 0.005) in root length as 
affected by different irrigation intervals (Appendix 8). Mean comparison confirmed 
that irrigation every 2days resulted in significantly high root length (13.9cm) than all 
other treatments (Table 8) (plate 11).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate-11- 
Height of root of Arak from Red Sea. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table-5- Mean shoot length (cm) of Arak seedlings from Red Sea as affected by 
different irrigations intervals. 
 
 
Treatment of irrigation  
Intervals. 
 Mean of shoot length 
(cm). 
 5days. 
  
8days. 
  
2days. 
  
11days. 
 
13.59.               A 
                        A 
 13.13.              A         
                         A 
 12.92.              A 
                         A 
 12.52.              A 
 
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
Table-6- Mean diameter at collar (mm) of Arak seedlings from Red Sea as affected by 
different irrigation intervals. 
 
 
 
Treatment of irrigation 
Intervals. 
 Mean of diameter mm. 
 2days. 
 
 5days 
  
11days. 
  
 8days. 
 
 0.18.                       A 
                                A 
 0.18.                       A 
                                A 
0.17.                        A 
                                A 
 0.17.                       A 
 
 
Means of the same letter(s) at the same column are not significantly different at p = 
0.05. 
 
 
Table-7- Mean number of leaves of Arak seedlings from Red Sea as affected by 
different irrigation intervals. 
 
 
Treatment of irrigation 
Intervals. 
Mean of number of  
Leave. 
 5days. 
 
 2days. 
  
8days. 
 
11days. 
 
11.84. A 
                          A 
 10.75.                A      B 
                           A      B 
 10.18.                A      B 
                                    B 
 9.74.                           B
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
Table-8- Mean root length (cm) of Arak seedlings from Red Sea as affected by 
different irrigation intervals. 
 
 
Treatment of irrigation 
Intervals. 
Means of root length  
(cm). 
 2days. 
  
5days. 
 
8days. 
 
11days. 
 
13.87. A 
 
11.12 .                       B 
                                  B 
10.52. B 
                                 B 
 9.62.                         B 
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
4-3 Effects of water intervals on seedlings growth of Salvadora persica from 
kordofan (Bara) 
4-3-1 Seedling shoots length 
 
Analysis of variance showed highly significant differences (p = 0.0007) in shoot length 
as affected by different irrigation intervals (Appendix 9). Mean comparison confirmed 
that irrigation every 2days resulted in significantly higher shoot length (10.96cm) than 
all other treatments (Table 9). There is in significant difference among 5days and 
8days but 11days interval is significant less than all other treatments. 
 
4-3-2 Seedling diameter at collar 
Analysis of variance showed high significant differences (p = 0.05) in diameter as 
affected by different irrigation intervals (Appendix 10). Mean comparison confirmed 
that irrigation every 2days resulted in significantly high diameter at collar (0.18cm) 
than all other treatment (Table 10). There is no significant difference among them. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table-9- Mean shoot length (cm) of Arak seedlings from kordofan (Bara) as affected 
by different irrigation intervals. 
 
 
Treatment of irrigation 
Intervals. 
 Mean of shoot length 
(cm). 
 2days. 
 
 5days. 
 
 8days. 
  
11days. 
 
10.97. A 
 
9.10. B 
                                  B 
 8.85.                          B 
  
 6.71.                          C 
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05.  
 
 
 
Table-10- Mean diameter at collar (mm) of Arak seedlings from kordofan (Bara) as 
affected by different irrigation intervals. 
 
Treatment of irrigation 
Intervals. 
Mean of diameter(mm) 
 2days. 
  
5days. 
  
8days. 
 
11days. 
 
0.18. A 
 
0.16. B 
                                  B 
0.16. B 
                                  B 
 0.15.                         B 
 
Means of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
 
 
 
4-3-3 Seedling number of leaves  
Analysis of variance showed no significant differences (Appendix 11). The variations 
are shown in (Table 11). 
 
4-3-4 Seedling root length 
Analysis of variance showed highly significant differences (p = 0.0001) in root length 
as affected by different irrigation intervals (Appendix 12). Mean comparison 
confirmed that irrigation every 2days resulted in significantly higher root length 
(8.88cm) than 5days (7.31cm) and 8days (6.64cm), however, irrigation every 11days 
(4.17cm) gave significantly less than all other treatments.  
 
 
 
 
 
 
 
 
 
 
 
 
Table-11- Mean number of leaves of Arak seedlings from kordofan (Bara) as affected 
by different irrigation intervals. 
 
 
Treatment of irrigation 
Intervals. 
Mean of number of  
Leave. 
 8days. 
  
2days. 
 
 5days. 
 
11days. 
 
11.38. A 
A 
11.21. A 
                                A 
10.28. A 
                                A 
 9.46.                        A 
 
Mean of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
Table-12- Means root length (cm) of Arak seedlings from kordofan (Bara) as affected 
by different irrigation intervals. 
 
 
Treatment of irrigation 
Intervals. 
Mean of root length  
(cm). 
 2days. 
  
5days. 
 
8days. 
 
11days. 
 
8.88. A 
 
7.31. B 
                                B 
 6.64.                        B 
 
 4.17.                        C 
 
Mean of the same letter(s) at the same column are not significantly different at 
 p = 0.05. 
 
 
 
 
 
4-4 Comparison between the different experiments of the two species 
 Ziziphus spina-christi and Salvadora persica from Red Sea and North kordofan 
sites. 
Statistical results of Ziziphus spina-christi showed highly significant differences for all 
parameters measured. However, for Salvadora persica from kordofan showed highly 
significant differences in shoot, root lengths and diameters but no significant 
differences are found in number of leaves, while Salvadora persica from Red Sea 
showed highly significant differences at root length and number of leaves but no 
significant differences were found in shoot length and diameters.  
Irrigation every 2days always produces higher values than other intervals. However, 
these are not always significantly better than 5-days interval e-g- for shoot length and 
number of leaves in Ziziphus spina-christi and Salvadora persica from Red Sea. 
Moreover, there are no significant differences in diameter of Arak from Red Sea and 
number of leaves for Arak from Bara. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER FIVE  
 
DISCUSSION 
 
 
5-1 Effect of irrigation intervals on the shoot and root lengths, diameter and 
number of leaves on Ziziphus spina-christi.  
This study investigated the initial establishment and subsequent development 
and performance of seedlings at nursery stage under different watering intervals. 
Results of these investigations on the effect of the different irrigation intervals 
showed highly significant difference of most parameters. Watering intervals 
have highly significant effect on the performance of shoot length of Ziziphus 
spina-christi, watering every 2 or 5days produced highly significant shoots 
lengths than irrigation every (8 and 11days). This may be due to the high 
evapotranspiration rate during the time of the experiment where average 
temperature and average relative humidity were high. Also seedlings diameter of 
Ziziphus spina-christi was highly significant at watering intervals every 2days 
than other intervals.  
Watering intervals have highly significant effect on number of leaves of 
Ziziphus spina-christi. Watering every 2 or 5days produced highly significant 
number of leaves than irrigation every (8 and 11days), this may be due to highly 
significant of shoot length can support the increase of the number of leaves. 
Analysis of variance showed that watering every 2days was highly significant at 
root lengths (cm) than other treatments and this result may be attributed to the 
low water holding capacity of sand and silt and lack of good aeration; 
Alternatively, Hussein (1994) showed that there is no significant different at 
watering interval every 2days in seedlings of Ziziphus spina-christi and this may 
be attributed to the kind of soil media used and time of the experiments. 
Osmotic adjustment in the growing cells of roots can be adaptive mechanism 
because it would permit the elongation of roots in adrying soil profile and 
maintain water supply, this can be explained by (Ahmed and Ahmed; 2007).  
  
5-2 Effect of irrigation intervals on the shoot and root 
Lengths (cm), diameter and number of leaves of Salvadora persica from 
North kordofan (Bara). 
 Investigation on the effect of the different irrigation intervals showed highly 
significant effect on the shoot and root lengths (cm) and diameter at collar as 
affected by (2) and (5) irrigation intervals, compared to other treatments. 
Watering intervals have no significant effect on number of leaves of Salvadora 
persica, however, Elkheir (1998) who found watering every four days better 
than watering every two days according to weather and used of soil media. 
 
5-3 Effect of irrigation intervals on the shoot and root lengths, diameter and 
number of leaves of Salvadora persica from Red Sea. 
Investigation on the effect of the different irrigation intervals showed no 
significant effect on the shoot lengths (cm), diameter and number of leaves, but 
high significance was noticed at root lengths in watering intervals every 2days 
than others (5, 8 and 11days). Better root growth of Salvadora persica from Red 
sea showed the differences between (sidir and arak) and within (arak from Red 
Sea and North Kordofan) species and can adapt to water stresses. 
  
    
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                  CHAPTER SIX 
 
                         CONCLUSIONS AND RECOMMENDATIONS 
 
6-1 Conclusions  
This study was carried out to investigate the effect of water intervals on 
seedlings growth at the nursery stage. Two species were investigated for 
tolerance of different water stresses. Namely Ziziphus spina-christi and 
Salvadora persica. Seeds of Ziziphus spina-christi were treated by H2SO4 
(98%) while seeds of Salvadora persica were sown without treatment. 
Seedlings grown in a mixture of sand and silt and irrigated every two or five 
days gave the highest shoot and root lengths and number of leaves except with 
Salvadora persica from Red Sea. Salvadora persica from Red Sea gave better 
results when irrigated every 5days compared to other treatments. Also, irrigation 
intervals were not significant differences at shoot lengths and diameter for Arak 
from Red Sea, and number of leaves for Arak from Kordofan. 
 
 
 
 
 
 
 
 
6-2 Recommendations 
From this study Salvadora persica from Red Sea gave best root results when 
irrigated every five days and is not significant lower than 2days irrigation 
intervals concerning number of leaves. There for, the study recommends that 
Ziziphus spina-christi and Salvadora persica are a suitable species to 
establishment at arid and semi-arid lands, because they are tolerate water 
shortage up to 5days irrigation intervals without being adversely affected. 
Accordingly, the study recommends that these two species should be raised at 
irrigation frequency of 5days. Prior to transplanting to the field.   
Salvadora persica from Red Sea is more resistant to water stress than that from 
North Kordofan, since it did not affected by the 4 irrigation intervals in terms of 
the shoot length and hence it can be recommended for arid land plantation.  
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Appendix -1- Effect of water intervals of seedlings growth shoot length (cm) of 
Ziziphus spina-christi. 
 
Source of  
Variation. 
 D.F. S.S.  M.S. F-ratio  Pr > F 
Treatment 
Error 
 3 
 28 
 293.054 
265.244 
 97.68 
 9.47 
 10.31 0.0001 
 
Total 
 
 31 
 
 558.298 
   
 
Appendix -2- Effect of water intervals of seedlings growth diameter of  
Ziziphus spina-christi. 
 
Source of 
Variation. 
 D.F  S.S.  M.S.  F-ratio  Pr > F 
Treatment 
Error 
 3 
28 
 0.00985771 
 0.00026957
0.00328590
0.00026957
 12.19  0.0001 
 
Total 
 
31 
 
0.01740572 
   
 
Appendix -3- Effect of water intervals of seedlings growth number of leaves of 
Ziziphus spina-christi. 
 
Source of 
Variation. 
 D.F.  S.S.  M.S.  F-ratio  Pr > F 
 Treatment 
 Error 
 3 
28 
 85.36323984 
 45.79119688 
28.45441328
1.63539989 
 17.40  0.0001 
 
Total 
 
31 
 
131.15443672
 
 
  
 
Appendix-4- Effect of water intervals of seedlings growth root length (cm) of Ziziphus 
spina-christi. 
 
Source of  
Variation. 
D.F.  S.S.  M.S.  F-ratio  Pr > F 
Treatment 
Error 
 3 
 28 
 107.44263148
 22.62763672 
35.81421061
0.80812988 
22.44 0.0001 
 
Total 
 
 31 
 
130.07026855
   
 
 
Appendix-5- Effect of water intervals of seedlings growth shoots length (cm) of 
Salvadora persica from Red sea. 
 
Source of  
Variation. 
 D.F.  S.S.  M.S.  F-ratio  Pr > F 
Treatment 
Error 
 3 
20 
    3.57864800
104.28669333
1.19288267 
5.21433467 
0.23 
 
 0.8753 
 
Total 
 
23 
 
107.86534133
   
 
 
Appendix-6- Effect of water intervals of seedlings growth diameter at collar of 
salvadora persica from Red sea. 
 
Source of 
Variation. 
D.F.   S.S.  M.S.  F-ratio  Pr > F 
Treatment 
Error 
 3 
20 
0.00053250 
0.00396333 
0.00017750 
0.00019817 
 0.90  0.4606 
 
Total 
 
23 
 
0.00449583 
   
 
 
Appendix -7- Effect of water intervals of seedlings growth number of leaves of 
Salvadora persica from Red sea. 
 
Source of  
Variation. 
 D.F.  S.S.  M.S.  F-ratio Pr > F 
Treatment 
Error 
 3 
20 
 14.84340000 
 53.62853333 
4.94780000 
2.68142667 
 1.83  0.1715 
 
Total 
 
23 
 
68.47193333 
   
 
 
Appendix-8- Effect of water intervals of seedlings growth root length (cm) of 
Salvadora persica from Red sea. 
 
Source of 
Variation. 
 D.F.  S.S.  M.S.  F-ratio  Pr > F 
 Treatment 
 Error 
 3 
20 
 60.40125000 
 70.75833333 
20.13375000
  3.53791667
 5.69  0.0055 
 
Total 
 
23 
 
131.15958333
   
 
Appendix-9- Effect of water intervals of seedlings growth shoots length (cm) of 
Salvadora persica from kordofan (Bara). 
 
Source of 
Variation. 
 D.F.  S.S.  M.S.  F-ratio  Pr > F 
 Treatment 
 Error 
 3 
20 
 54.57386733 
 41.52247667 
18.19128911
 2.07612383 
 8.76  0.0007 
 
Total 
 
23 
 
 96.09634400 
   
 
 
Appendix-10- Effect of water intervals of seedlings growth diameter at collar (mm) of 
Salvadora persica from kordofan (Bara). 
 
Source of  
Variation. 
 D.F.  S.S.  M.S.  F-ratio  Pr > F 
Treatment 
Error 
 3 
 20 
 0.00365683 
 0.00809567 
0.00121894 
0.00040478 
 3.01  0.0543 
 
Total 
 
 23 
 
 0.01175250 
   
 
 
Appendix -11- Effect of water intervals of seedlings growth number of leave of 
Salvadora persica from kordofan (Bara). 
 
Source of  
Variation. 
 D.F.  S.S.  M.S.  F-ratio  Pr > F 
 Treatment 
 Error 
 3 
 20 
 14.28756667 
 75.22236667 
 4.76252222
 3.76111833
 1.27  0.3128 
  
Total 
 
 23 
 
 89.50993333 
   
 
  
Appendix-12- Effect of water intervals of seedlings growth roots length (cm) of 
Salvadora persica from kordofan (Bara). 
 
Source of  
Variation. 
 D.F.  S.S.  M.S.  F-ratio  Pr > F 
 Treatment 
 Error 
 3 
 20 
 69.21062500 
 20.37312500 
23.07020833
  1.01865625
 22.65  0.0001 
 
 Total 
 
 23 
 
 89.58375000 
   
 
 
